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Abstract: BackgroundBackground: Falls are inherent to Parkinson’s disease (PD) progression, and risk assessment is
mandatory for optimal long term management.
ObjectiveObjective: To determine if the telehealth application of two observer-based, objective measures of fall-risk in
PD—Five-Times-Sit-To-Stand (FTSTS) and 360� Rapid-Turns-Test (RTT)—is feasible and safe.
MethodsMethods: Following in-clinic training, 15 people with Hoehn and Yahr Stage 2 (n = 8) and 3 (n = 7) PD, median
MoCA score 25 (range 14–29), and subjective freezing-of-gait (n = 13), participated in four televisits with care
partners biweekly for 10 weeks where virtual FTSTS/RTT assessments were performed.
ResultsResults: Participants completed all protocol-driven 120 virtual FTSTS and 60 RTT assessments with effective ratability
(feasibility) and zero adverse events (safety). 22% virtual FTSTS and 55% RTT met criteria for high fall-risk designation.
ConclusionsConclusions: Objective fall-risk assessment with virtual FTSTS and RTT through telehealth among HY2-3 PD
patients, with varying motor and cognitive function, is feasible and safe following introductory in-clinic training.

In response to the SARS-CoV-2 pandemic, telehealth utilization
increased globally within Movement Disorders Neurology, even
in countries without prior experience.1 In addition to shifting
towards more remote-based clinical solutions, telemedicine is
now being applied to clinical research and rehabilitative services
to ensure follow-up and improve access.2,3 In a sub-study of the
phase 3 STEADY-PD trial of isradipine in Parkinson’s Disease
(PD) patients, 95% of 40 participants completed research tele-
visits, and 75% expressed higher likelihood of future research
enrollment if some visits were conducted remotely.4

In PD, safe and validated remote, or “virtual,” assessment of fall
risk through the detection of postural instability and PD-specific gait
dysfunction, including freezing-of-gait (FOG), would be particularly
useful and relevant to clinical care and research. It is well-known that
there is a strong correlation between the onset of postural instability
(ie Hoehn & Yahr stage 3 [HY3]) and falls.5,6 FOG is another com-
mon reason for falls, occurring episodically both in ON- and OFF-
dopaminergic states and triggered by specific challenging

environments.7–10 For clinical care, the consequences of falls include
accelerated immobility due to fractures and other injuries, reduced
cardiovascular health, quality-of-life, and independence, and increased
likelihood of institutionalization.11–13 For research, progression to
HY3 is a relevant motor endpoint for observational and interven-
tional trials.14,15 To enhance both clinical care and research, we report
efforts to establish a safe, validated at-home fall-risk assessment proto-
col that can be rated virtually and executed by PD patients and their
care partners without on-site professional oversight.

Methods
Virtual Assessments
We conducted a systematic review of objective validated mea-
sures of gait and balance function in PD.16,17 We considered
objectivity, simplicity, training and equipment needs, ease-of-
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execution, and ratability by observation only. We prioritized
measures with published evidence of high test–retest and inter-
rater reliability and validity in PD, and those that could evaluate
the most influential physical factors in PD related to fall-risk.18–22

22 Of 10 measures considered (Table S1), we selected the Five-
times-sit-to-stand (FTSTS) that assesses fall-risk by challenging pos-
tural instability and lower extremity strength, and the 360� rapid-
turns-test (RTT) that assesses fall-risk by identifying underlying
FOG. Both measures have cut-off designations for high fall-risk
and are ratable through observation.18–20

Participants
This feasibility study was one component of a pilot 10-week vir-
tual fall-prevention program for PD patients involving tele-
physical therapy (PT) and tele-occupational therapy (OT), devel-
oped by the first author. The overarching study was approved by
the Rush University Institutional Review Board and the final
results will be reported separately. The feasibility study enrolled
sequential English-speaking PD patients over the age of 18 with
HY2-3 PD (as rated during the OFF-dopaminergic medication
state) who had been identified by their Movement Disorder neu-
rologist as likely to benefit from PT and OT to reduce fall-risk,
between January 2020–March 2021. Participants were required
to have a care partner to provide stand-by assistance at all tele-
visits, home WiFi connectivity, and videoconferencing

technology for televisits, as well as a stable PD medication regi-
men for 1 month preceding and during study participation.
Exclusion criteria included unstable medical or other neurologi-
cal conditions affecting mobility or committed participation,
including a clinical diagnosis of dementia.

Study Protocol
All participants had an initial in-person clinic evaluation,
followed by four televisits every 2 weeks and then a final in-
person visit (Fig. 1). Televisits were performed on the HIPAA-
compliant secure VidyoConnect Epic platform. Participants used
their own or a loaned Apple iPad and connected to their home
WiFi to participate in televisits. At the baseline in-person visit,
the study physical therapist demonstrated the FTSTS and RTT
measures and obtained baseline scores. Participants learned how
to execute measures at home, and care partners were instructed
on stand-by assistance measures. At all televisits, participants were
in an ON-dopaminergic medication state and wore a gait belt.
The same physical therapist provided the training and virtual
FTSTS and RTT assessments.

For the FTSTS, participants were instructed to use the same
free-standing dining chair with or without armrests of reasonable
height (43–45 cm) from their home in an open space, sit with
arms folded across the chest and back against the chair, and stand
up and sit down five times as quickly as possible. Participants

FIG. 1. Schematic of virtual assessments. Participants were instructed on the how to perform the FTSTS and RTT maneuvers at their initial
in-person evaluation and then asked to perform them independently over video with care partner supervision over four biweekly televisits
across 10 weeks (FTSTS: Televisits 1–4, RTT: Televisits 2 and 4).
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were instructed to straighten legs completely upon standing and
to sit fully, but they did not need to touch the back of the chair
each time. Two timed trials were rated for the FTSTS, with high
fall-risk designation defined by an inability to complete five rep-
etitions without upper extremity support or assistance within
16 seconds.18 For the RTT, participants performed 360� narrow
turns with small rapid steps starting from standstill, twice right-
ward and twice leftward. If freezing occurred at any point, the
patient was identified as a “definite freezer,” automatically desig-
nating them as high fall-risk.20–23

Data Analysis
Descriptive statistics examined demographic data (Table 1). Fea-
sibility was determined by the proportion of effectively com-
pleted tests without limitations (adherence and ratability), and
safety was determined by the number and nature of adverse
events related to the virtual measures. In the case of failures or
limitations, the cause was categorized as patient-based, environ-
mental, or technical. Ratability was assessed as YES/NO by the
physical therapist immediately after each measure.

Results
Of the 15 participants, eight had HY2 PD, seven had HY3 PD
(Table 1), and the majority had a PD duration from initial
symptom-onset of greater than 5 years (n = 13, 86.7%). Most
had a history of more than one fall within the last year (n = 11,
73%) and had fallen within the 10-week study period (n = 10,
66.7%). All but two subjects endorsed FOG by self-report (upon
interview and the New Freezing of Gait-Questionnaire) at base-
line (n = 13, 86.7%). On cognitive testing, the median MoCA
score was 25 [IQR 21–27, RNG 14–29] with a near even split
between normal and impaired (n = 7 with ≥26, n = 8 with
<26). No participants carried dementia diagnoses.

Feasibility. All participants completed baseline in-person training
and four televisits, providing data from 60 televisits where 120 vir-
tual FTSTS and 60 virtual RTT were performed with 100% par-
ticipant compliance and 100% ratability over video. No limitations
were encountered related to patient and care partner participation,
home environment, equipment, and web-based videoconferenc-
ing. Of note, of 63 PD patients screened for eligibility based on
disease severity alone (HY 2–3), 98% had access to home WiFi,
94% had a smartphone, and 68% even owned an iPad. Only five
of the 15 participating pairs required a loaned iPad.

Safety. No falls, near-falls, or any other adverse event
occurred. Care partners, though present, did not need to inter-
vene in any instance for safety concerns.

Ratings. 26/120 virtual FTSTS (22%) assessments met the
criteria of high fall-risk (>16 seconds or requiring upper extrem-
ity support), resulting from 9/15 participants (60%). Of the
60 virtual RTT performed, more than half of the assessments
demonstrated FOG (n = 33, 55%), resulting from 9/15 partici-
pants (60%). An exploratory analysis of the association between
FTSTS and RTT results revealed that high fall-risk based on

TABLE 1 Baseline participant demographics and clinical
characteristics

Characteristic n (%)

Age

60–64 years 4 (26.7%)

≥65 11 (73.3%)

Median [IQR]: 67 [64–73]

Gender

Male 10 (66.7%)

Race

White 11 (73.3%)

Black 1 (6.7%)

Asian 3 (20.0%)

MoCA score

0–25 8 (53.3%)

≥26 7 (46.7%)

Median [IQR]: 25 [21–27]

HY stage1

Stage 2 8 (53.3%)

Stage 3 7 (46.7%)

MDS-UPDRS part III score1

1–19 0 (0%)

20–38 6 (40%)

≥39 9 (60%)

Median [IQR]: 41 [31–50]

Disease duration2

0–4 years 2 (13.3%)

≥5 13 (86.7%)

Median [IQR]: 8 [5–8]

LEDD

0–100 mg/day 1 (6.7%)

101–399 2 (13.3%)

400–999 10 (66.7%)

≥1000 2 (13.3%)

Median [IQR]: 550 [400–850]

History of a fall within the last year

Yes 12 (80%)

No 3 (20%)

History of recurrent falls within the last year

Yes 11(73.3%)

No 4 (26.7%)

Subjective history of freezing-of-gait3

Yes 13 (86.7%)

No 2 (13.3%)

History of falls during 10-week study period

Yes 10 (66.7%)

No 5 (33.3%)

1Assessed in the OFF-dopaminergic medication state.
2From initial motor symptoms.
3Based on interview and response to the New Freezing of Gait Questionnaire.
Abbreviations: IQR, Interquartile range; MoCA, Montreal Cognitive Assess-
ment; HY, Hoehn and Yahr Scale; MDS-UPDRS, Movement Disorders Soci-
ety Unified Parkinson’s Disease Rating Scale; LEDD, total levodopa-
equivalent daily dose.
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virtual FTSTS time did not make participants more likely to
exhibit FOG detected by virtual RTT at the same televisit [2nd
televisit: RR = 0.38, 95% CI = 0.05–2.59]; 4th televisit:
RR = 0.44, 95% CI = 0.05–3.85]. For instance, the patient
who was deemed to be high fall-risk during all of his televisits
based on high FTSTS times did not exhibit FOG at any of his
televisits, nor his in-person visits in the OFF-medication state.

Discussion
Individuals with chronic neurological diseases like PD that
impact gait and balance require frequent fall-risk assessment,
especially as disability advances.6,22,23 Travel time and safety con-
cerns limit in-person clinic visits, a pattern accentuated by public
health emergencies like the SARS-CoV-2 pandemic. Clinic visits
alone can give a false impression of PD patients’ actual day-to-
day performance. For example, FOG, an environmentally-
sensitive and intermittent phenomenon can be much less pro-
nounced during in-clinic evaluations, even among individuals
severely affected by FOG at home.24–26 If feasible and safe, at-
home objective assessments using web-based videoconferencing
would reduce patient burden, provide diagnostic value and
ecologically-valid assessment, and offer continuity-of-care while
retaining face-to-face interaction and personal connection.27,28

Similarly, for research, valid tools that can be applied through
telehealth could improve recruitment and retention, reduce
costs, and ensure single rater consistency for clinical endpoints.3

As our screening data suggests, there is also increasing evidence
for the ubiquity of home internet and smartphones among the
aging population.29–31

There is a growing body of literature supporting the feasibil-
ity, validity, and reliability of conducting motor assessments
remotely in PD, but the objective assessment of rigidity, postural
stability, and overall fall-risk have been considered problematic
on standard rating scales without in-person assessment.27,32–34 In
this study, we tested the feasibility (adherence and ratability) and
safety (adverse events) of two standard observer-based fall-risk
measures applied virtually following a single in-person training
session in ambulatory PD patients deemed at risk for falls by their
neurologist and with a history of falls and/or subjective FOG.
Our first finding showed that patient and care partner pairs
understood and completed with full safety the two measures in
their own homes, providing easily ratable remote data for the
presence or absence of professionally-designated fall-risk. This
was the case despite being high fall-risk on testing and
cognitively-impaired based on MoCA scores. The incongruence
between the results of the two virtual measures appreciated in
some patients demonstrated the complimentary nature of these
tools (assessing for postural stability and lower extremity strength
versus FOG), consistent with what is known about the distinct
mechanisms underlying imbalance in PD.35–37 This highlights
the value of both virtual measures in guiding clinical decision-
making. Given that patient self-reports of perceived FOG are
not always reliable, we could consider the use of telehealth-based

objective testing like the virtual RTT as especially important in
identifying freezers.24–26,38–41

We recognize the limitations of this study are the small sample
size and protocol tailored to the technological capabilities of a
single medical center and its patients. Future investigations could
include a larger, multicenter, and cross-cultural study, testing the
use of lower-resolution smartphones in lieu of tablets, and poten-
tially real-time ratings with wearable sensors to provide valida-
tion. In this study, we focused only on the feasibility and safety
of the virtual measures and not specifically on other important
clinimetric elements like discriminatory capacity or responsivity
to interventional change to address longitudinal value.
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Supporting Information
Supporting information may be found in the online version of
this article.

Table S1. Observer-Based Gait and Balance Measures Vali-
dated in PD.16,17 The authors systematically reviewed 10 objec-
tive validated measures of gait and balance function in PD when
considering which measures could best be performed virtually by
participant and care partner pairs in this study.16,17 This table
presents the authors’ ratings on each measure’s objectivity, sim-
plicity, training and equipment needs, ease-of-execution,
ratability by observation, equipment needs, and independence
from on-site professional involvement.
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